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Abstract This paper proposes a design of low complexity, reconfigurable and
narrow transition band (NTB) filter bank (FB). In our proposed Modified
Frequency Response Masking (ModFRM) architecture, the modal filter and
complementary filter in conventional FRM approach are replaced by a power
complementary and linear phase FB. Additionally, a new masking strategy is
proposed by which an M-channel FB can be designed by alternately masking
even channels and odd channels. By using this masking strategy, it is only nec-
essary to alternately mask even channels and odd channels by the two masking
filters while modulating them over the multiple spectra replicas appearing in
[0,2pi] to generate uniform ModFRM FB. Also, reconfigurability of filter bank
can be achieved by adjusting the interpolation values appropriately, to obtain
more masking responses. To reduce the overall implementation complexity,
masking filters are optimized using the interpolated FIR (IFIR) technique.
The results indicate that the proposed method requires substantially less mul-
tipliers in comparison to the reconfigurable FB existing in literature. Finally,
non-uniform FB are generated from the uniform FB by combining nearby
channels. The proposed non-uniform ModFRM FB is used for the extrac-
tion of different communication standards in the software defined radio (SDR)
channelizer. When more channels are to be extracted, the proposed scheme
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was able to achieve a reduced hardware complexity in comparison to other
filter bank based SDR channelizers.
Keywords Narrow transition band · Frequency response masking · In-
terpolated FIR · Reconfigurability · Software defined radio channelizer ·
Multi-standard wireless communications · Modified FRM filter bank
1 Introduction
With the outbreak of modern wireless communication technologies, the com-
pulsion to use the scarcely available spectrum fully and efficiently is at its peak.
Channelizers in SDRs are one of those applications that requests for a sharp
digital filter of extremely narrow transition band (NTB) with higher stop band
attenuation for an alias-free switching among the preferred frequency bands
with minimal adjacent channel interference.
The Frequency Response Masking (FRM) approach offers an enticing alter-
native among the research efforts undertaken over the past few years to develop
such sharp filters with reduced hardware complexity. The underlying idea of
the FRM technique is from the interpolated FIR (IFIR) technique proposed
in [1], which decomposes the sharp narrow pass band filter into a periodic
model filter and an image suppressor. However, as IFIR technique reduces the
passband width along with transition width, it is appropriate only for narrow
passband design. The beauty of FRM technique is that it breaks the higher
order filter designs into a group of filters with reduced design requirements.
The FRM method promises lesser complexity in comparison to the minimax
optimum filter of infinite word length while meeting similar requirements. This
is owing to the relatively lesser percentage of nonzero coefficients in the FRM
scheme.
Rodrigues came up with a completely different FRM approach for the de-
sign of a linear phase sharp FIR filter by using a bandpass filter in [2]. This
method removed one of the masking filters and interpolated filter from the
conventional FRM technique and thus provides less complexity. For the de-
velopment of arbitrary bandwidth sharp FIR filters , FRM and single filter
frequency masking (SFFM) techniques are combined in [3]. The final filter is
formulated by a single masking filter with significantly lower arithmetic oper-
ations at the price of additional delays. A revised FRM strategy in which the
IFIR technique implements one of the subfilters is discussed in [4]. In [5], a se-
rial masking scheme is implemented to perform the two-stage masking process,
attempting to reduce masking filter complexity. The arithmetic complexity is
reduced in [6] by using a common filter part to construct the masking filters
in the traditional FRM structure. This technique requires swapping between
the common filter portion and one of the filters for masking. This approach
needs a relatively large number of switches to realize more channels and thus
it becomes an arduous task to reduce the complexity of switching.
Nevertheless, due to the limitations of the FRM architecture, the design
of the FRM FB includes complicated modulations of interpolated filters and
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masking filters. Also, each time the specification of the desired filter response
is changed, masking filters must be redesigned. This is troublesome in appli-
cations involving a bank of filters such as multi-carrier systems, generating
matched filters for radar target signatures, etc. Up to now, an efficient real-
ization of flexible and NTB FB is still a challenging work in multi-standard
wireless communication applications.
This paper proposes a design of low complexity, reconfigurable NTB FB.
The key contributions of this work can be outlined as follows. (1) In our pro-
posed Modified FRM (ModFRM) architecture, the modal filter and comple-
mentary filter in conventional FRM approach are replaced by a power comple-
mentary and linear phase FB. (2) An alternate masking scheme is introduced
in the second phase for realizing the uniform ModFRM FB which guarantees
full spectral utilization with reduced implementation complexity. (3) Com-
pared to previous approaches, it is only necessary to alternately mask even
channels and odd channels by the two masking filters while modulating them
over the multiple spectra replicas appearing in [0,2pi] to generate uniform Mod-
FRM FB. This concept of ModFRM FB that takes advantage of all the images
resulting from the interpolation process, just by alternately masking with the
two masking filters is indeed a novel one. To lower the multiplicity of the mask-
ing filters even further, IFIR technique is adopted. (4) Reconfigurability of the
proposed method is claimed by designing different ModFRM FB from the same
modal filters, by changing the interpolation factor, with a very small increase
in multipliers required. Results prove that compared to other reconfigurable
FB existing in literature, the proposed ModFRM FB ends in a substantial drop
in the number of multipliers. (5) Finally, a reconfigurable SDR channelizer is
designed by combining nearby channels of uniform ModFRM FB.
The paper is structured as follows: Section 2 gives a brief description about
existing FRM technique. In section 3, together with the basic ideas that laid
the foundation for the structure, the proposed ModFRM based NTB filter
is discussed. Section 4 illustrates an alternate masking scheme proposed for
generating the ModFRM FB. Section 5 includes the design examples and result
analysis. Section 6 concludes the paper.
2 Review of Frequency response masking technique
The beauty of the FRM technique [7] is that it breaks the higher-order lter
design into the design of four sub-filters, namely, the modal lter denoted by
Ha(z), complementary lter denoted by Hc(z), masking lter HMa(z) and com-
plementary masking lter HMc(z) which has reduced design requirements. Fig.
1 demonstrates the basic structure of the FRM [7]. The interpolated model
filter also known as band-edge shaping filter and its complementary filter to-
gether constructs the NTB filter of arbitrary passband. By cascading the two
masking filters HMa(z) and HMc(z) with Ha(z) and Hc(z), the unnecessary
passbands are eliminated.
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Fig. 1 FRM structure proposed by Lim.[7]
Fig. 2 Illustration of the FRM structure proposed by Lim.[7]
Illustration of the FRM structure is demonstrated in Fig. 2. There are two
distinct cases: Case I and Case II. Ha(z
L) and Hc(z
L) determine the frequency
response of the overall filter H(z), near the transition band, in case I and case
II respectively. The transfer function of the FRM filter is given by,
H(z) = Ha(z
L)HMa(z) +Hc(z
L)HMc(z) (1)
where Hc(z) can be realized as shown:
Hc(z) = z
−(N−1)/2 −Ha(z) (2)
Here N is the length of the filter Ha(z) and L is the interpolation factor.
3 Proposed Modified FRM (ModFRM) structure
The fundamental ideas which paved the way for the proposed ModFRM struc-
ture can be elaborated as follows.
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Fig. 3 Proposed ModFRM structure.
It is well known that modulation can convert a low-pass filter to a set of
band pass filters. If the passband and transition width of the low pass model
filter is chosen appropriately, then its M modulated filters can completely
cover the entire spectrum which is the idea utilized in this work.
The number of passbands Np, formed by interpolating H(z) by L can be
expressed as:
Np = ⌈M + 1⌉ (3)
On interpolating by L, the bandwidth of the ith passband denoted by B(i),
can be defined as follows:
B(i) =
{
B0
L ; i = 1 and Np
2B0
L ; otherwise
(4)
where B0 is the bandwidth of the initial filter H(z). The center frequencies
of the passbands, ωk , can be determined by,
ωk =
2pi
L
k; k = 0, 1.....Np − 1 (5)
By changing L, it is possible to change the number and locations of H(zL)
passbands. In addition, from Eq. (4), we can see that the bandwidths of the
H(zL) passbands can also be modified through varying the L. The above
features of the interpolated filters laid the foundation of the proposed filter
bank reconfigurability.
The layout of the ModFRM is as in Fig. 3. The modal and complementary
filters in traditional FRM structure are replaced by interpolated odd and even
modulated DFT channels of the modal filter. The unwanted bands in the inter-
polated modulated filter bank are then eliminated by the cascade connection
of the two masking filters to produce the desired NTB filter, in harmony with
the basic principle of FRM.
As shown in Fig. 4a and Fig. 4b, the low pass linear phase model FIR filter
ha,0(n) of length Na is complex modulated to obtain all the analysis filters.
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Fig. 4 Illustration of the proposed ModFRM structure.
This low pass filter needs to have a suitable passband and transition band to
ensure that the modulated filters can cover the entire spectrum. Let θ and φ
be the passband and stopband edge frequencies of the modal filter.
The necessary conditions for the design of ModFRM FB:
1. For the modal filter, it is necessary to select the appropriate passband and
transition band to ensure that the modulated filters can cover the entire
spectrum.
(m+ 1)(θ + φ) = 2pi (6)
2. The number of modulated filters m must be an odd number to guaran-
tee that when we recombine the modulated filters, the frequency response
appears alternately.
m = 2p+ 1, p = 0, 1, 2... (7)
3. Additionally, the transition band of the modal filter needs to satisfy the
power complementary condition. This guarantees that the interpolated odd
and even modulation channels will form a power complementary and linear
phase FB.
The center frequency of the q-th modulated channel filter is given by,
ωq = piq(θ + φ); where q = 1 to m (8)
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and ha,q(n) can be expressed as follows:
ha,q(n) = ha,0(n)e
jωqn (9)
Let Ha,q(e
jω) represents the frequency response of the q-th channel mod-
ulated filter ha,q(n). Then Ha,q(z) is given by,
Ha,q(z) =
Na−1∑
n=0
ha,q(n)z
−n =
Na−1∑
n=0
ha,0(n)e
jωqnz−n (10)
Other modulated FBs in literature, like modified DFT, having a similar
cutoff frequency condition as that of DFT modulated FB for the initial low pass
filter can also be considered. Each of the modulated filters are then interpolated
by a factor L, which reduces its transition width by the same factor. Ha,q(z
L)
represents the interpolated q-th DFT modulated filter which is depicted in
Fig. 4c. The two sets of masking filters are shown in Fig. 4d and Fig. 4e.
There are two different design cases: Case I and Case II in which the
frequency response of the overall filter, H(z) near the transition band is de-
termined by the sum of interpolated even modulated channels (called as even
band edge shaping filter) and the sum of odd modulated channels (called as
odd band edge shaping filter) respectively. According to [7], passband and
stopband edge frequencies of masking filters can be derived as follows for the
cases I and II:
Case I
ωp,Ma1 =
3θ + 2φ
L
;ωs,Ma1 =
4θ + 3φ
L
;
ωp,Mc1 =
θ + 2φ
L
;ωs,Mc1 =
2θ + 3φ
L
;
Case II:
ωp,Ma2 =
φ
L
;ωs,Ma2 =
θ + 2φ
L
;
ωp,Mc2 =
2θ + φ
L
;ωs,Mc2 =
3θ + 2φ
L
;
(11)
The complexity of both masking filters depends on the L and the cutoff
frequencies of the band-edge shaping filter. The sum of the two masking fil-
ters transition widths is equal to 1L as in [7]. Because of this constraint, it is
difficult for the FRM technique to increase L and also keep the complexity of
the masking filters within a certain limit. If L is very large it results in denser
replicas in the frequency response of the shaping filters, which in turn results
in sharp masking filters. Hence masking filters are optimized using the IFIR
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technique with an interpolation factor, LIFIR which gives the lowest complex-
ity. The optimum LIFIR, that minimizes the total number of multiplications,
can be evaluated by considering the lengths of all sub-filters for various LIFIR
and deciding the best-case outcome heuristically. Masking filters can also be
implemented very efficiently using a polyphase structure, as the coefficient
values of band-edge shaping filters are non zero at intervals of L samples.
The overall transfer function of the proposed ModFRM filter can be ex-
pressed as:
H(z) = [Ha,0(z
L) +Ha,2(z
L) + ...+Ha,2p(z
L)]HMa(z)
+[Ha,1(z
L) +Ha,3(z
L) + ...+Ha,2p+1(z
L)]HMc(z) (12)
The desired NTB filters obtained in case I and II are shown in Fig. 4f.
In order to make use of remaining multiple spectra replicas appearing in
[0, 2pi], separate masking filters have to be designed which is straightforward
and tremendous. So as to reduce the complexity, the masking filters had better
be reusable. In light of condition (5), as long as the L is not varied, the pass-
band width and locations of Ha,q(z
L) are fixed. This suggests that passbands
generated by various interpolated filters that cover the entire frequency range
can share the same set of masking filters. This idea inspired for the alternate
masking scheme proposed in the next section.
4 Alternate Masking Scheme for ModFRM FB
The proposed alternate masking strategy for ModFRM FB generation is shown
in Fig. 5. Here the masking filters are DFT modulated and passed over the
remaining multiple spectra replicas appearing in [0, 2pi] to generate uniform
ModFRM FB. Unlike the conventional FRM, modulated masking filtersHMa(zW
k
M )
and HMc(zW
k
M ) alternately masks the odd and even channels, respectively. To
simplify the analysis, the number of modulated filters is taken asm=1. As seen
in Fig. 5a, Ha,0(z
L) and Ha,1(z
L) represent the interpolated modal filter and
DFT modulated filter, respectively. As shown in Fig. 5b, HMa(z) and HMc(z)
masking filters are used respectively to mask Ha,0(z
L) and Ha,1(z
L). Then the
FRM filter H0(z) can be obtained as Fig. 5c. But the situation is different in
the second channel. Ha,0(z
L) should be masked with HMc(zW
1
M ) instead of
HMa(zW
1
M ). Similar is for case II which is shown in Fig. 5e and 5f.
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Finally, the analysis filter obtained can be represented as in (13).
Hk(z) =
p∑
i=0
Ha,2i(z
L)HMa(zW
k
M )
+
p∑
i=0
Ha,2i+1(z
L)HMc(zW
k
M ) ; for k even
Hk(z) =
p∑
i=0
Ha,2i(z
L)HMc(zW
k
M )
+
p∑
i=0
Ha,2i+1(z
L)HMa(zW
k
M ) ; for k odd (13)
where WM = e
−j 2pi
M ,k=0,1,...M-1.
The uniqueness of our proposed architecture is that by using common
masking filters it can efficiently exploit the redundancy in multi-stage real-
ization. Reconfigurability can be accomplished by adjusting L appropriately,
result in variable bandwidth uniform FB.
For the desired filter with the stopband frequency fs, maximum number
of channels is found as:
Cmax =
⌈
1
fs
⌉
(14)
The number of channels, C that can be obtained is dependent on the number
of modulations m and the interpolation factor L as follows:
C =


(m+1)×L
5 ; for case I
(m+1)×L
3 ; for case II
(15)
The various wireless protocols, however, have different channel spacing
or bandwidth, and therefore necessitate non-uniform subband decomposition.
The non-uniform FB decomposes the input signal into uneven bandwidth sub-
bands that are derived by combining the adjacent channels from the uniform
FB [8]. The analysis filter Hi(z) produced by combining ai neighboring anal-
ysis filters can be represented as below:
˜Hi(z) =
ni+ai−1∑
k=ni
Hk(z), i = 0, 1...M − 1 (16)
where ni is the channel number.
By multiplying with a sign-change block S, one can obtain linear phase
non-uniform FB using the method suggested in [9]. For example, for the im-
plementation of the 5-channel NU ModFRM FB from an 8 channel uniform
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Fig. 5 Illustration of the proposed alternate masking scheme.
ModFRM FB with the channel allocation (c0,c1,c2,c3)=(2,1,3,2), sign change
block can be expressed as:
S =


1 1 0 0 0 0 0 0
0 0 1 0 0 0 0 0
0 0 0 1 1 1 0 0
0 0 0 0 0 0 1 1


There are no severe conditions as in [8] for combining adjacent channels.
Hence any adjacent channels can be combined to generate NU ModFRM FB.
5 Results and discussion
Two examples are presented in this section, to show the low complexity and
reconfigurability properties of the ModFRM FB, and its application in SDR
channelizers. Example 1 illustrates the generation of different ModFRM FB
from the same modal filter by varying the L. Example 2 demonstrates the
design of reconfigurable ModFRM FB for SDR channelizers. Parks McClellan
algorithm is used to design the filters in our work. The interpolation is attained
by placing L delay elements instead of each delay element. As multiplication
in a digital FB is the most complicated and power-consuming task, this sec-
tion offers a comparison of the real-valued multipliers required in the proposed
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Fig. 6 Frequency response of modal filter Ha,0(z) and its modulated sub-filters.
Table 1 FRM filter parameters for different values of L & corresponding total number of
multipliers.
Interpolation
factor, L
No. of
channels
HMa(z) HMc(z) LIFIR
H(z) Total no. of multipliers
(Mmodal,Mma,pr,Mma,is,Mmc,pr ,Mmc,is)Pb Sb
Transition
width
Pb Sb
Transition
width
Pb Sb
Transition
width
10 8 0.12pi 0.17pi 0.05pi 0.08pi 0.13pi 0.05pi 3 0.12pi 0.13pi 0.01pi (32+25+9+24+8)=98
15 12 0.08pi 0.1132pi 0.0333pi 0.0535pi 0.0868pi 0.0333pi 4 0.08pi 0.0866pi 0.0066pi (32+28+11+22+14)=107
20 16 0.06pi 0.085pi 0.025pi 0.04pi 0.065pi 0.025pi 6 0.06pi 0.065pi 0.005pi (32+25+17+24+15)=113
25 20 0.048pi 0.068pi 0.02pi 0.032pi 0.052pi 0.02pi 7 0.048pi 0.052pi 0.004pi (32+26+20+26+17)=121
30 24 0.04pi 0.0567pi 0.048pi 0.0267pi 0.0433pi 0.0166pi 8 0.04pi 0.0433pi 0.0033pi (32+28+22+27+18)=127
40 32 0.03pi 0.0425pi 0.0125pi 0.02pi 0.0325pi 0.0125pi 9 0.03pi 0.0325pi 0.0025pi (32+33+23+32+17)=137
FB with other FB’s existing in the literature. One should also note that the
blocks of modulation also add to the FB overall complexity. Nonetheless, this
contribution is independent of the filter orders and has a fairly low complexity
relative to the filter portion [10,11]. Therefore, it is not being addressed here.
5.1 Example 1
In this example, different ModFRM FB are designed from the same modal
filter, by varying the L. The specifications of the modal filter are chosen as
passband and stopband frequencies 0.2pi and 0.3pi, stopband attenuation as
60dB, and passband ripple as 0.0065dB. The passband and stopband edge
frequencies are iteratively adjusted to satisfy the 3-dB requirement, retaining
the transition width constant.
In the design approach of the FB, the transition width of the 8-channel FB
prototype filter differs from that of the 32-channel, as minimal amplitude dis-
tortion and aliasing has to be assured. As the spectrum occupied by the 8 filter
bandwidths in 8-channel FB has to be occupied by the 32 filter bandwidths in
32-channel FB, the transition width required for the 32-channel FB prototype
filter is sharper than the 8-channel FB for minimal aliasing. In the case of
8-channel FB, the normalized transition width of prototype filter is taken as
0.01. The normalized transition width must be sharper for a 32-channel FB
and it is taken as 0.01/4 = 0.0025.
The DFT modulated filters for m=3 and the masking filters designed using
the IFIR technique when L is taken as 40 is shown in Fig. 6 and Fig. 7
12 Parvathi A. K.*, V. Sakthivel
0 0.2 0.4 0.6 0.8 1
Normalized frequency ( /2 )
-180
-160
-140
-120
-100
-80
-60
-40
-20
0
20
Ma
gnit
ude
 res
pon
se i
n d
B
HMa(z)
HMc(z)
Fig. 7 Masking filters HMa(z) and HMc(z) designed using IFIR technique.
Table 2 Comparison of the number of multipliers
Method No. of channels Transition width No. of multipliers
CMFB [12,13] 32 0.0025pi 2762
Improved FRM [13] 32 0.0026pi 1140
MDFT [8] 32 0.0025pi 240
Proposed method 32 0.0025pi 137
respectively. As per (15), the 32 channels generated by the proposed alternate
masking scheme is given in Fig. 8. The amplitude distortion plot of the filter
bank is obtained as in Fig. 9. Table 1 provides the sub-filter specifications for
the different L values. It can be noted that the modal filter is a fixed filter
under all situations, and only the number of delays L is modified. By masking
with suitable masking filters and using the proposed alternate masking scheme,
uniform ModFRM FB is obtained. The total number of multipliers is given by
(17),
Mtotal =Mmodal +Mma,pr +Mma,is +Mma,pr +Mma,is (17)
whereMmodal is the number of multipliers in modal filter,Mma, pr andMma,is
together constitutes the number of multipliers in the prototype filter and im-
age suppressor filter which are the sub-filters of HMa(z) designed using IFIR
technique,Mmc, pr andMmc,is together constitutes the number of multipliers
in the prototype filter and image suppressor filter which are the sub-filters of
HMc(z) designed using IFIR technique. Results in Table 1 show that the num-
ber of channels obtained can be varied by modifying the L, with a very slight
increase in multiplier numbers. A comparison of the number of multipliers for
32-channel FB achieved by different methods in literature is listed in Table 2.
5.2 Example 2: SDR channelizer design using NU ModFRM FB
The channelizer in an SDR must be adaptable to channels of different band-
widths in order to satisfy widely recognized wireless communication norms of
different channel bandwidths as listed in Table 2 in [8]. Therefore, non-uniform
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Fig. 8 Uniform 32 channel ModFRM FB.
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Fig. 9 Amplitude distortion plot of uniform 32 channel ModFRM FB.
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Fig. 10 Uniform 8 channel ModFRM FB
filter bank would be better suited to use in the channelizer than uniform filter
bank. Since the channelizer performs at the highest sampling rate in the re-
ceivers digital front end, low complexity, low power and reconfigurability of the
architecture are some of its essential requisites. Ideally, the reconfigurability
needs to be achieved in such a way that the filter bank architecture supporting
the existing communications standard has to be remodelled to accommodate
a different communication standard with the minimal overhead.
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Fig. 11 NU 4-channel ModFRM FB (for CDMA 2000) derived from uniform 8-channel
ModFRM FB.
Table 3 Comparative analysis of the number of multipliers
Method No. of Multipliers
Seperate FIR masking filter (9 standards)[15] 1249
VBW masking method (9 standards)[17] 1168
Non uniform MDFT FB (9 standards)[8] 918
Non maximally decimated FB method I (9 standards)[18] 614
Non maximally decimated FB method II (9 standards)[18] 586
Proposed method (9 standards) 137
The literature suggest distinct SDR channelizer designs using filter banks.
Of all the alternative ideas by which channelization is realized, the use of Fre-
quency response masking (FRM) method in SDR channelizer is an extensively
investigated topic in recent research papers. A reconfigurable architecture of
FRM filters is built in [14] to implement low power SDR channel filters. The
FRM FB proposed in [15] is more appropriate for single channel extraction
than multiple channel extraction due to the necessity of separate masking
filters to generate each channel. Channelizers are designed in [16] based on
FRM and coefficient decimation filters. The reconfigurable design outlined in
[17] is built on FRM and Farrow structure, in which the masking filters are
incorporated as Farrow filters. In [18], two reconfigurable architectures based
on non-maximally decimated filter bank (NMDFB) system and FRM are pre-
sented.
In this example, we will investigate the performance of reconfigurable NU
ModFRM FB as an effective SDR channelizer. At first, uniform ModFRM
FB of 8,10,12,16,32 channels are developed. The NU ModFRM FB are then
generated by combining the specific nearby uniform ModFRM FB channels. In
this paper the same channels as described in Example III in [17] are designed.
This is to associate the complexity of the method proposed with the available
schemes described in [17] and [8]. The modal filter parameters and L are chosen
according to the total number of channels to be achieved. Design specifications
of the modal filter and the masking filters for the 8,12,16 and 32 channels are
taken same as that in previous example. The modal filter specifications can
be modified to satisfy the bandwidth requirements for the 10 channel as:
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Fig. 12 Uniform 10 channel ModFRM FB
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Fig. 13 NU 5-channel ModFRM FB (for Bluetooth, ANT and Zigbee) derived from uniform
10-channel ModFRM FB.
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Fig. 14 NU 5-channel ModFRM FB (Digital Cable TV, LTE and CDMA2000)derived from
the same uniform10-channel ModFRM FB.
Pass band edge frequency : 0.4pi
Stop band edge frequency : 0.6pi
Maximum pass-band ripple : 0.0065dB
Minimum stop-band attenuation : 60dB
Here m is chosen as 1 and L as 25 to satisfy (6), (14) and (15). Since the modal
filter is a lower order filter, it is simple to reconfigure the modal filter.
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Fig. 15 Uniform 12-channel ModFRM FB.
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Fig. 16 NU 4-channel ModFRM FB (for HSDPA, CDMA2000 and WCDMA) derived from
uniform 12-channel ModFRM FB.
The magnitude response of the uniform 8-channel ModFRM FB is given
in Fig. 10. By combining the nearby channels with the channel allocation
(c0,c1,c2,c3)=(2,1,3,2), 4 wireless CDMA2000 standards, as seen in Fig. 11 is
achieved. Uniform ModFRM FB are also configured for channels 10, 12, 16,
and 32. The magnitude response of the 10-channel uniform ModFRM FB is
given in Fig. 12. All filters are designed with the passband ripple and stop-
band attenuation as 0.0065dB and 60dB respectively. By combining the nearby
channels with the channel allocation (c0,c1,c2,c3,c4,)=(2,1,1,5,1), wireless stan-
dards like Bluetooth, ANT and Zigbee can be obtained, as in Fig. 13. The same
10-channel ModFRM FB can now be used to achieve varioous other wireless
standards as shown in Fig. 14. This illustrates the possibility of reconfiguring
the FB according to the requirements.
The uniform 12-channel ModFRM FB is used to achieve a NU 4-channel
ModFRM FB by merging the channels as (c0,c1,c2,c3)=(4,1,4,3) to generate
multiple other wireless standards. The magnitude response of the uniform 12-
channel ModFRM FB and the NU 4-channel ModFRM FB derived are given
in Fig. 15 and Fig. 16 respectively. The magnitude response of the uniform 16-
channel ModFRM FB and the NU 5-channel ModFRM FB are given in Fig. 17
and Fig. 18, respectively. In this case, NU 5-channel ModFRM FB is derived
from uniform 16-channel ModFRM FB to attain wireless standards such as
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Fig. 17 Uniform 16 channel ModFRM FB.
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Fig. 18 NU 5-channel ModFRM FB (for WCDMA, CDMA2000, FixedWiMAX and HS-
DPA) derived from uniform 16-channel ModFRM FB.
CDMA2000, Fixed WiMAX, HSDPA and WCDMA. The adjacent channels
are merged as (c0,c1,c2,c3,c4)=(4,1,1,8,2). By merging the adjacent channels
of the uniform 32-channel ModFRM FB in Fig. 8 with the channel allocation
(c0,c1,c2,c3,c4,,c5,c6,c7,c8)=(5,5,1,1,5,5,3,6,1), NU 5-channel ModFRM FB can
be derived as shown in Fig. 19.
In Table 3, the complexity of the proposed SDR channelizer is contrasted
with methods in [17,8,18] with respect to the number of multipliers. It is
very clear from the table that hardware complexity of the proposed SDR
channelizer is drastically less than the results in [17,8,18]. A 76.62% reduction
is observed in the number of multipliers when contrasted with method-II in
[18]. Consequently, our design requires much less area, as the area consumed
by the FB is directly proportionate to number of multipliers.
6 Conclusion
In this paper, a low complexity reconfigurable FB with narrow transition band
is proposed. The modal filter and complementay filter in conventional FRM
approach are replaced by a power complementary and linear phase FB in our
proposal. With an alternate masking scheme, the multiple spectra replicas
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Fig. 19 NU 9-channel ModFRM FB (for WCDMA, CDMA2000, Zigbee, ANT, Bluetooth,
Digital Cable TV, LTE and HSDPA) derived from uniform 32-channel ModFRM FB.
appearing in [0, 2pi] is fully utilized to generate more number of channels.
Reconfigurability of filter bank is achieved by adjusting the interpolation val-
ues appropriately, to obtain more masking responses. Various ModFRM FB
derived from the same modal filter are utilised for designing SDR channal-
izers that can cater to a broad variety of communication norms. The SDR
channelizer designed using our proposed scheme had a lower implementation
complexity in comparison to the existing methods in literature, for the same
set of standards.
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